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Status in WIMP DM Sensitivities (2012)
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The Future of Direct Dark Matter Searches
(next ~5 years)

]

WIMP-Nucleon Cross Section [cm

1 n-'ﬁ‘}

1 n--'lli]

lndl

10+

1074

1+

0%

'Il]-‘:ﬁ

'In-‘l_."

Spin-independent sensitivity

(.,___:b DAMA/Na

ZEPLIN-III
XENONT00 (2010)

--ﬂ-ﬂ-‘-‘-’-
et

EDELWEISS{2011)
= i

~
x)_{"ENGN 100 (2011)

 p—

XENONJI00 (2012)

Buchmueller
et al.

XENONIT (2017)

| | L L1 |
30 40 50 60 100
WIMP Mass [GeV/c’]

20

Lo | ! !
T 8910 200 300 400

update with
new limit

1000



... but we hope for a detection
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Reminder:

Liquid Xenon for Dark Matter Search

Periodic Table of the Elements

—_

H
» Large atomic number A~131 best 5[y hvdrogen ¥ poor metals
. . > Li | Be alkali metals O nonmetals
fOl' SI |nteraCt|0nS (G""‘A ) - = alkali.e.arth metals B noble gases
Need low threshold. Na | Mg transition metals rare earth metals
~ENo . . . . |
* ~30% odd isotopes: SD interactions | *| 2 2 2 = 2 = [ 2] 3

If DM detected: probe physics with the same
. . . . . 37 38 39 400 41 421 43| 44| 45| 48] 47
detector using isotopically enriched media. Rb|Sr|Y |Zr |Nb|Mo| Tc|Ru|Rn|Pd |Ag

« No* long-lived Xe isotopes I I 2 P IR P I I G
) B Hf | Ta |W [ R Ir [Pt |A
But control Kr-85, Rn-222.  #Xe-136 2vBR Lol e O e

» High Z (54) and density: : —
compact & self-shielding L | 18 evts/100-kg/year ';e ‘;::13;)
- (Eu=5 ke V) — Ge (A=73
* Scalablllty fo Iarge mass. 8 evts/100-kg/year — Ar(A=40)

(Eu=15 keVr)

« “Easy” cryogenics (-100°C).
« Efficient and fast scintillator.
» Good ionization medium, long drift.

 Background discrimination in TPC. 109
- lonization/Scintillation
23D imaging of TPC

10°

Rate [evis/keVr/kg/day]
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The Liguid Xenon Dual Phase TPC

lonization + Scintillation

* WIMP recoil on Xe nucleus in
dense liquid (2.9 g/cm?3) - » XENON100
— lonization + UV Scintillation  shielding 3|y O i
. . o . mesh top_| GXe GXe ] E
* Detection of primary scintillation R T e A S M
ight (S1) with PMTS. p oo’ N SN
« Charge drift towards liquid/gas | 5 el e R

interface.

» Charge extraction liquid/gas at high
field between ground mesh (liquid)
and anode (gas)

» Charge produces proportional
scintillation signal (S2) inthe gas ¥ cathode

hase (12 kV/cm shieldin . . ) . . M, |
P ( ) mesh bof. PMT - .v

i

drifl

I .\,f-ra'; event: high S2/51

[ t

WIMP event: low S2/51

PTFE

30 cm

« 3D position measurement
> X/Y from S2 signal. Resolution few mm.
»Z from electron drift time (~0.3 mm).



(cS2/cS1)
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Background Discrimination
in Dual Phase Liquid Xenon TPC's

lonization / Scintillation Ratio 3D Position Resolution:

S2/S1 fiducial cut, singles/multiples
E [keVr]
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The XENON Program

GOAL: Explore WIMP Dark Matter with a sensitivity of 0 ~10+" cm?2, =S
*Requires ton-scale fiducial volume with extremely low background. i

CONCEPT:

 Target LXe: excellent for DM WIMPs scattering.
2> Sensitive to both axial and scalar coupling.

» Detector: two-phase LXeTPC: 3D position sensitive, self-shielding.
» Background discrimination: simultaneous charge & light detection.

 PMT readout with >3 pe/keV.
Low energy threshold for nuclear recoils (~6-8 keV).

PHASES:
R&D XENON10 XENON100 XENONAIT
Start: 2002  2005-2007 2007 — ... 2011 — DM search 2015
Proof of concept. = Ongoing DM search. Technical design studies.
Total mass: 14 kg  Total mass: 170 kg Total mass: ~ 3t
15 cm drift. 30 cm drift. 1 m drift.
Best limit in '07: Best limit in '11, '"12: Goal:

0,~10* cm? 2012: 0,~2x10*cm* o, ~2x10% cm?



The XENON Collaboration
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RBRSSHE 30 T T Bt aR

. ~ XENONAT
. S0 (2011-2015)

* Liquid xenon TPC to explore ¢ ~ 2x10*" cm?

» Detector size:
~1m3 ~3tLXe, ~1tfiducial mass

» Water Cherenkov Muon Veto
* Approved by INFN.

* Funded.

M - Construction start: fall 2012.

LNGS,; Italy

XENONA1T in Hall B
(next to lcarus) @ LNGS
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Water Cherenkov Muon Veto

Concept: Trigger requirements:
«Water tank: * single photoelectron
~10 m high and 9.6 m in diameter * 4 fold coincidence
«84 high QE 8" PMTs Hamamatsu R5912 * time window: 300 ns

with water-tight base Trigger efficiency

*Specular Reflector: foil DF2000MA by 3M « > 99.5% for neutrons with muons in WT
e ~ 78% for neutrons with p's outside WT

M-induced neutron background
* 0.01 per year
« < WIMP signal

‘ Muon-induced neutrons from the rock

single scatter, whole volume (2.43 t)

rate (dru)

single scatter, FDV (1.27 t)

—
=
4

— 1 — i I T - Ll L 1 Ll L LIl Ll ||||I|||||||||I'||||||||I||||
Bologna — Mainz — Torino 1009072030 40 50 60 70 30 90 10

energy (keVr)




Cryostat

Baseline design
 Ti grade 1 double-walled cryostat
« UHV compatible, low outgas rate
* Heat load < 50 W
* Immersed in water shield
* Buoyancy load
* LNGS seismic environment
 Safety review currently ongoing

cryostat

CUSTOM TITAMIUM CF FLANGE
3APLS, SEE NOTE 22

Columbia - Nikhef

D TITANILIM CF FLANGE
3PLS, SEE NOTE 22

water tank

Columbia — Nikhef datras @ Chicago - 21-Jul-2012
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Y [mm]

QUPID
3inch
(64mm/71mm &)

@

R11410
3inch
(64mm/77.5 mm )

PMTs

« 2 x 121 3" PMTs by Hamamatsu
* QE: 30% min., >35% achieved

» Ongoing screening program
to further reduce radioactivity

1000; oo B0 : R8520
E w0 Single PE response Lt 35% QE @ 178 nm 1inch
S8 | |Gain: 5 x 10° g0
700> & 35)
600} s O R '© 30f
500} 3% 25)
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Cryogenics

Cold Finger

from / to
purification

Heat exchanger

LXe Collection Funnel

Mﬁ

Cooling towers

LXe to Cryostat

LXe from Cryostat

Ak 4

Umblllcal

200
&
= 150}
§
T 100}
g
=5
emergency E"
LN2 cooling § |
o
%

+ Single large HE |
+ Single large HE Il :|:
— Two HEs in seri

L+

hlgh flow demonstrated

Eﬂ 44} Eﬂ EH] 11](] 120
Flow rate [slpm]

‘Water Tank \

C
signal and HV pipe /Pj

Vacuum Insulated Line

LXe to/from ReStox Vessel

Note: HV Port not shown

Cryostat

Inner Vessel

Outer Vessel



Xenon Purification & Rn-Removal

Y2 inch gas lines, VCR connections
« Orbitally welded Xe purificatinstem
* Pneumatic valves

 SAES PS4-MT50 getter
* QDrive and KNF pumps

» Dedicated monitors for ppb-level
impurities (H,O, O,, Kr)

Xe purification system with
Rn removal in charcoal column

Munster (Xe purification) —
MPIK (Rn column)



Krypton Removal

» Cryogenic distillation
» Reduce ppb Kr traces in Xe gas to ppt
» proven technique,
achieved (19 +- 1) ppt in XENON100
Design Parameters for XENON1T

* through-put: 3 kg/hr

» factor of 10%-10° separationm
* final Kr/Xe < 1 ppt

10.756 yr

= 434% 173kev.  RCJ

o Kr \ 1.015us  Flow rat!
514 keV

Q, = 687.0 keV

Munster




Krypton Analysis

* Kr measurements with gas
chromatography plus Rare Gas
Mass Spectroscopy RGMS
*measurement of "Kr to ppt level

~>extrapolation to ®Kr from atmospheric
abundance

»gas chromatography: Xe separation
>demonstrated for XENON100

« 3Kr measurement with atomic trap ATTA
>measurement of 8Kr to ppt level
~>extrapolation to 8Kr from atmospheric

abundance
- Atom trap operational and efficient for Ar*

> First Kr/Xe measurements for XENON100
by Fall 2012

MPIK (RGMS) —
Columbia (ATTA)



Material Screening

« Gamma-ray screening with sensitivity
~10 uBg/kg with GeMPls and Gator,
located at LNGS

» Gas counting systems, located at LNGS and
MPIK, for ?Rn measurements at few atoms
sensitivity

* ICPMS @ LNGS, UCLA

Inductively coupled plasma mass spectrometry
* Neutron activation analysis @ PSI, Mainz

MPIK — Zurich



Xenon Storage

RESTOX : A Liquid Xenon station
ZC A\ (REcovering and STOrage system of Xenon1T)

Matier Project xennn.l T
L5l Motivations :
LXe T LXe Very compact station
_— Sondichac 3T storage capacity from 20°to -108°C
o R Able to keep high purity all the time
@]{ = withstands 65 bar
- ‘ ‘ J — can also keep Xe at room temperature
‘ < AIR LIQUIDE |
% High power LNZ _JU':"C'I TE EHUPRAIEE AVAMEEDE
it Cold head
Fast gaseous
purification circuit
Time schedule:
Construction will start in summer 2012

Installation for end of 2013

RESTOX will be easily scalable to larger sizes
Subatech



XENON1T Demonstrator

« XENON purification and heat exchange
at 100 slpm

* Verification of
cooling concept

» Cathode HYV tests:
grid+feed-through
goal: -100 kV

» Electron lifetime

demonstrated.
Next: 1 m drift

Amplification gap
A

[Drift region

50 SLPM

7 80 min per cycle

0406
0407

0409

Columbia — Rice — UCLA

! L !
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2500 3000
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PMT Stability Tests

< 6800X10° -
- Stable operation in liquid and & .= Mean gain: 6.04 x 10°
gaseous Xe over 5 months 6400 —
>Blue LED for SPE azogf—
>PMT @ -1 600V 6000
>T=171K 5800
>P=1.4 bar 5600 —
5400 —
5200 ois " poia 2005 1006
Single PE response
é 105?
\

104

103

102

10

-

e IIIIIII| T TTI

WL

S I D .‘.x106
o - 5 10 15 20 25

. Signal electrons
Zurich ?




DARWIN
DARWIN N
Dark Matter WIMP Search with Noble Liquids /

R&D and design study for a next-generation noble liquid facility in Europe

Sl cleiewinr rnestirie), Nikrier, Armisierclern, Segieos 207

.....

darwin.physik.uzn.ch

25 groups from ArDM, DarkSide, WARP, XENON

Europe: UZH, INFN, ETHZ, Subatech, Mainz, MPIK, o

Miinster, Nikhef, KIT, TU Dresden, Israel: WIS, similar effort
USA: Columbia, Princeton, UCLA, Arizona SU in the US: MAX

Uwe Oberlack Patras @ Chicago - 21-Jul-2012 25



Evolution LAr / LXe TPC's

XENONLA1t:

XENON100: 24td _t fd)

161 kg (62 d.)

XENON10:
14 kg (5.4 f d)

- 19 4
g

WARP: 2.3 | DarkSide:
55 kg (33 fd.)
Uwe Oberlack Patras @ Chicago - 21-Jul-2012

ArDM: 850 kg

DARWIN:
20 tons LXe/LAr (10 tfd)
(indicative masses®)

20 tons LXe/LAr
~ 10 tons in the

central,
background-free

region

(*optimal masses for LAr/LXe to be
determined in the study;
here MC sketch)
26




Event rate [(tonne 1000days keV)']

DARWIN physics

* Measurement of dark matter properties

DARWIN

4
— ultimate WIMP limit around 10 cm?
* Measurement of pp-neutrinos
— with 10 t of LXe about 4000 neutrinos per year
o 8Kr ("Kr < 0.1 ppt) and ??°Rn < 0.1 qu/kg required
| = . . . — T T T T —
=100 GeV 1047 cM? ——— wimp 100GeVi o= 10%cm? 102 Sum
N ———= WIMP 100GeV/c’, 6 =10%cm? .-~ 7 = ——— vote
e 2V BB, T, = 20 IXI0% 1 = oy te
10! - — ,;/
_'_-.""""--... ; EIUS "Be
SN T
10~ \\\ = é
\ T X0t G
V5
\ >
10° \‘—E =
‘E 10 s T e i e |
| : 0 100 200 300 400 500 600 700
) o A | ‘I Energy keV__: electron recoil
107 2 3 4 5678910 20 30 40 50 100 200 energy scale

Energy [keV]keV _: nuclear recoil

neutrino-electron scattering energy scale

2vBB: EXO measurement of *6Xe T

1/2

Assumptions: 50% NR acceptance, 99.5% ER discrimination, 80% flat cut acceptance.

2V background can be reduced by using depleted xenon.



DARWIN
Expected sensitivity -

Goal is not exclusion limits, but WIMP detection!

10'4] E‘I\ T ‘l T T T T 1 T T I
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104 —
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~ 1 event (10 kg)! year™"

WIMP-Nucleon Cross Section [cm?]

-46
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Uwe Oberlack Patras @ Chicago - 21-Jul-2012 28
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Thank you for your attention!
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